AIM: To establish a new pig model for auxiliary partial orthotopic liver transplantation (APOLT).
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Orthotopic liver transplantation has become an accepted form of treatment for chronic liver failure, acute liver failure, primary hepatic malignancy not treatable by conventional resection and inborn errors of metabolism due to a liverbased enzyme defect but without parenchymal liver disease [1] . In the middle of the 1990s, with the development of reducedsize liver transplantation, split liver transplantation and partial-living liver transplantation, much attention was paid to auxiliary partial orthotopic liver transplantation (APOLT) [2, 3] . APOLT, in which a reduced-size graft orthotopically replaces the resected lobe of the recipient, has been introduced with acceptable results for patients with fulminant hepatic failure (FHF) [4, 5] . It has great advantages over standard orthotopic liver transplantation. In APOLT, both the reduced native liver and the reduced graft can obtain optimal accommodation, and a position close to the right atrium may improve hepatic venous outflow of the graft [6] . On the other hand, if the graft is destroyed by some events such as severe rejection or if primary nonfunction occurs, the remnant native liver can sustain the patient's life and emergency re-transplantation is not necessary [6, 7] . Furthermore, when the diseased native liver regenerates with its function fully restored, the withdrawal of immunosuppressive therapy is then possible [5, 8] , which will decrease the incidence of drug-related side effects and neoplasia, and monitoring requirements [9] . Also, in the preserved native liver future gene therapy is still possible [10] . However, there are few studies of APOLT using large animal models. In this experimental study, we attempted to establish a new pig model of APOLT and evaluated the changes of intraoperative systemic hemodynamics and graft function in the model. MA MA  MA MATERIALS AND METHODS  TERIALS AND METHODS  TERIALS AND METHODS  TERIALS AND METHODS  TERIALS AND METHODS  Animal selection  Ten healthy male or female domestic pigs, weighing 22-27 kg, were randomly selected to be either donor group (n = 5) or recipient group (n = 5). Another 5 animals, weighing 75-150 kg, were used as blood supply group. Prior to surgical procedure, the pigs were fasted for 12 h, but were fed water ad libitum.
MA

Surgical procedures
Anesthesia was induced by ketamine intramuscularly with a dose of 20 mg in the donor or recipient. After intubation, inhalation anesthesia was maintained by pentothal sodium. For donor operations, we used a midline laparotomy. The infrahepatic inferior vena cava (IVC), common bile duct, portal vein (PV) and hepatic artery (HA) were dissected and exposed. The hepatic artery was kept in continuity with the celiac trunk and abdominal aorta up to the iliac bifurcation. The whole liver was perfused in situ with 4 cold kidney preservation solution via abdominal aorta (1 500 mL) and portal vein (2 000 mL). Once perfusion was finished, the harvested graft was removed and immersed in a basin filled with cold kidney preservation solution at 4 . During bench surgery the gallbladder was resected and the liver splitting was performed with the technique of curettage and aspiration by use of PMOD (Peng's Multifunctional Operative Dissector). The liver was divided along the right side of the middle hepatic vein and the right branches of the PV. The right liver was used as a partial graft and stored at 4 in the same solution bath. During the donor preparation, another surgical team performed the recipient operation. The recipient animal was intubated, anesthetized, and an internal jugular vein catheter was placed for blood sampling, intravenous infusion and central venous pressure (CVP) monitoring. A second catheter was placed in the carotid artery to monitor blood pressure during the procedure. When heparin was intravenously infused with a bolus dose of 2 mg/kg, left hepatectomy was performed and the spleen was resected and removed. Before all hepatic vessels of the recipient were interrupted, an extracorporeal veno-venous bypass (splenic vein and femoral vein to extra jugular vein) was established and the graft (right liver) was placed into the position of left lobe of recipient. The following anastomoses were then made: donor suprahepatic inferior vena cava endto-side to host suprahepatic inferior vena cava, donor portal vein end-to-side to host portal vein, donor hepatic artery end-to-end to host spleen artery. The donor's common bile duct was intubated for outside drainage and bile was collected with an extracorporeal bag. The time consumed in suprahepatic inferior vena cava and portal vein anastomoses between donor and recipient was 15-20 min and 10-15 min, respectively. After operation, the donor's infrahepatic inferior vena cava was ligated. Heat and cold ischemia time were 0 min and 60±4.0 min, respectively. method using the right liver graft. Immunosuppressant was not administered. Antibiotics were administered for three days after operation. During transplantation, arterial blood pressure and central venous pressure were recorded. Buffer base (BB), standard bicarbonate (SB) and pH of arterial blood sample were measured in order to assess the impact of operation on the animals. Color ultrasound examinations were performed 5 d after operation on selected recipients and autopsies were made on all of the recipients. Wedge biopsy specimens of every pig were obtained and stained with hematoxylin-eosin and then examined.
Statistical analysis
Data were given as mean±SE. Analysis of variance and q test were used to compare the change of hemodynamics and acid-base balance of the recipients in three groups. P<0.05 was considered statistically significant.
RESUL RESUL RESUL RESUL RESULTS TS TS TS TS
Five recipient pigs were operated up on. Four of five (80%) survived for five days, one recipient could not recover from anesthesia, probably due to hyperkalemia and severe acidosis. The hemodynamics of the other four recipients recovered rapidly and stabilized after graft reperfusion. Color ultrasound examination showed an increase of blood flow of graft on 5 th d compared to the first day after operation. When animals were killed on the 5 th d after operation, thrombosis of hepatic vein (HV) and portal vein (PV) were not found. Histopathological examination of liver samples made at this time revealed evidence of damage with mild steatosis and sporadic necrotic hepatocytes and focal hepatic lobules structure disorganized in graft, especially in a pericentral venous area. Infiltration of inflammatory cells was mild in portal or central vein area.
Hematologic laboratory values and blood chemical findings revealed that mean arterial pressure (MAP), central venous pressure (CVP), buffer base (BB), standard bicarbonate (SB) and K + decreased when suprahepatic inferior vena cava, infrahepatic inferior vena cava and hepatic hilus were clamped. After reperfusion of the graft, MAP, CVP and K + restored gradually but BB, SB decreased further (Table 1) . Table 1 Changes of hemodynamics and acid-base balance in APOLT (n = 5) [5] [6] [7] [8] 11] . However, there are many unresolved problems in the clinical application of APOLT. The focus problem concerned by many authors was the functional competition resulted from the portal blood flow struggle between the graft and the native liver and the necessity of preemptive transaction of the portal branch to the native liver at the time of transplantation [12] [13] [14] . Other problems include deleterious effects of the necrotic liver on the graft function [15] and the difficulty in predicting regeneration of the remnant native liver before operation [16, 17] . Thus, it is very important to establish stable experimental models using large animals to clarify these problems.
Welch first performed auxiliary total liver transplantation in 1955 and the first human auxiliary heterotopic liver transplantation was performed by Absolon in 1964. Since then auxiliary liver transplantation became an important branch of liver transplantation especially in treatment of fulminant hepatic failure. Recently, van Hoek reported that the best survival result, after liver transplantation for patients with acute liver failure, could be achieved after APOLT rather than HALT and orthotopic liver transplantation [18] . They also reported that 62% of all patients after auxiliary liver transplantation were free of immunosuppression within 1 year after transplantation. APOLT has been increasingly spread and developed well in Western countries [18] [19] [20] . Therefore, it is important to establish a perfect experimental model using large animals for improving the surgical skills of the modern APOLT team. Among the large animal models, pigs are considered the most realistic choice due to their low cost and availability [21] . The purpose of this study was to establish a new and stable pig model of APOLT and observe the changes of intraoperative hemodynamics and graft function in this model. Taniguchi [22] reported their swine model of APOLT and preliminary data of the model for treatment of ischemic liver injury in 1998, but the operation pattern was very complicated. The characteristic anatomical structure of pigs, quite different from that of humans, lies in its short extrahepatic vena and the intrahepatic bifurcation of the hepatic veins, which lead to difficult anastomoses of hepatic vessels. Our model's advantages were as follows: (1) Operation was simple and safe. After the graft (right liver) was placed into the position of left lobe of recipient, the following anastomoses were then made: donor suprahepatic inferior vena cava end-to-side to host suprahepatic inferior vena cava, donor portal vein end-to-side to host portal vein, donor hepatic artery end-to-end to host spleen artery. The donor common bile duct was intubated for outside drainage. Furthermore, use of extracorporeal veno-venous bypass before the interruption of all hepatic vessels can markedly decrease the congestion of portal vein and obtain stable hemodynamics. (2) Under the premise of skilled performance of vascular anastomoses, centrifugal pump was employed in extracorporeal veno-venous bypass. The anhepatic phase was controlled within 30 min and ischemia reperfusion injury of the host liver can be effectively prevented (3) Suture was performed on the section of the donor liver to prevent hemorrhage. End-to-side anastomoses of suprahepatic inferior vena cava were performed between the donor liver and recipient liver. Because of the simple vessel processing, unobstructed stoma and little postoperative hemorrhage could easily be achieved.
One of the puzzles of partial liver transplantation is hemorrhage on the section of the donor liver. The quantity of intraoperative bleeding is regarded as a significant risk factor relating to early mortality after liver transplantation. Blood coagulation disorder after reperfusion, incomplete surgical hemostasis and blood leakage at stoma are the main reasons for hemorrhage. In our experiment, hepatic parenchyma was split with forceps fracture method when the donor liver trimming and resection of liver lobes were performed in vitro. Hepatic vein and left branch of portal vein were sutured with Prolene thread under direct view. We recognized that hemorrhage on the section of the donor liver would not happen during and after operation if the graft had vitality. The heparin consumption of pigs was twice as much as that of human when thorough heparinization was obtained. The related check results still stayed at normal levels even if widespread blood permeation had taken place. Therefore, the proper administration of heparin and hemostatic drugs was a key procedure to prevent blood coagulation disorders.
In APOLT, the reperfusion of graft and the metabolic changes during operation consequentially lead to relevant hemodynamic change. Our experiment proved that there were certain rules about hemodynamic change in APOLT: Hemodynamics was stable before the onset of new liver's blood circulation. MAP decreased and HR speeded up after onset of blood circulation of portal vein of donor liver (compared to preoperation) (P<0.01). The change of CVP was inapparent. We believe that the abrupt decrease of returned blood volume was the main reason for hemodynamic change at this phase. After such treatments as accelerating fluid replacement and blood transfusion, MAP and HR could restore to stability. Plenty of toxin released from recipient liver due to reperfusion injury, hypothermia and plenty of fluid containing potassium in liver or kidney preservation solution, etc., usually resulted in metabolic acidosis and hyperpotassemia after the onset of new liver's blood circulation. One of the key procedures, that had to be stressed in this model, was the correcting of metabolic acidosis and hyperpotassemia.
The severity of congestion in portal vein system was relevant to two factors in APOLT. One was portal vein's blockage period. Pigs were considered to be sensitive to the congestion of portal vein system blockage. Obvious intestinal mucosa injury took place 45 min after blockage [22] . Another was retention blood flow in portal vein system. Pigs have short limbs and strong gastrointestinal tract. Blood flow in portal vein is plentiful. Severe congestion in portal vein system would certainly lead to whole body's hemodynamic disorder. The exsanguine liver period of recipient group all lasted less than 40 min. The changes of MAP, CVP, K + , PCO 2 , BB and SB took place after the blockage of hepatic hilus, suprahepatic and infrahepatic inferior vena cava (that was anhepatic phase). But the change gradually restored as portal vein was reperfused. Our experiments proved we have established a new operative and ideal large animal model of APOLT. We predict this model may contribute to experimental or clinic APOLT research.
